Historically it has been shown in the military combat setting that early irrigation of open wounds and fractures effectively assists in the prevention of infection. The objective of this study was to determine whether wound irrigation alone in the civilian pre-hospital environment affects wound infection rates.
Introduction
Historically it has been shown in the military combat setting that early irrigation of open wounds and fractures effectively assists in the prevention of infection (1) (2) (3) (4) (5) . Irrigation is therefore still seen as one of the main components in adequate wound care in the military combat setting (4, 6) . Civilian pre-hospital care usually has strong similarities to pre-hospital care in a combat setting. Irrigation of open wounds in the civilian pre-hospital setting can be considered standard (7) . In Australia during 2004-2005 it was found that 49% all persons with recent injuries sustained open wounds (1) .
Studies investigating the use of various fluid types have not come to consensus about which is the best fluid to use in the irrigation process. The studies have compared normal saline with tap water, Castile soap and normal saline, and normal saline alone (3, (7) (8) (9) (10) (11) . The results of these studies show little difference between intervention and control, except for the study by Hollander et al which showed a statistically significant lower infection rate in children compared to adults, even though many of the children's wounds were not irrigated (3) .
There is a lack of solid evidence supporting the volume of fluid when irrigating a wound. In the military setting, Murray et al used volumes between 3 and 9 litres, with the volume dependent on the type and severity of the wound (12) .
The use of low-pressure and high-pressure irrigation has likewise not realised statistically significant findings. It appears that low-pressure irrigation is as effective as high-pressure irrigation but is much easier to perform (9, 11, 12) .
Civilian pre-hospital wound care is limited in comparison to hospital management due to the training and equipment of pre-hospital care providers. The commonly, but not exclusively, accepted management of wound care in the civilian pre-hospital setting consists of irrigation where necessary, bandaging or covering of the wound where necessary, pain relief as required, and transportation to hospital if required (13) (14) (15) . The objective of this study was to determine whether wound irrigation in the civilian pre-hospital environment affects wound infection rates.
Methodology

Study design
A literature review of medical related electronic databases was conducted to identify if wound irrigation has an effect on infection rates in the civilian pre-hospital setting.
Definitions
Definitions of terminology used throughout this paper: Civilian pre-hospital environment: Any out-of-hospital treatment environment that is not part of the military. Treatment providers include, and are not limited to, ambulance personnel, firstaid providers, emergency medical technicians (EMTs), and paramedics.
Military setting: Pre-hospital treatment provided in a combat zone, or military controlled area.
Procedures
A literature search of the electronic medical databases CINAHL, Cochrane Central, EMBASE and MEDLINE was conducted. The databases were reviewed from their beginning until the end of March 2015. A pre-hospital search filter (16) was applied to each database with additional the search terms of 'wound', 'traumatic wound', 'simple wound', 'irrigation', 'fluid irrigation', and 'infection rate'. The keywords were used individually and in combination.
Articles of any study design were included if they reported on wound irrigation and the effect on wound infection rates. The reference lists of included articles were also reviewed. Articles were excluded if they were not written in English, or involved animals.
Results
A total of 1,648 articles were identified in the search with eight meeting the inclusion criteria. There were no additional articles identified in the reference list of retrieved articles.
There were no civilian pre-hospital-specific articles identified in the search, however there were eight articles from the military combat setting which were excluded. Seven of the military articles were consensus statements or reviews about specific combat related injuries and the current evidence supporting their management. Other articles identified in the search were hospital emergency department (ED) related.
As there was no specific literature for the pre-hospital setting, hospital ED and military data was used as a substitute to investigate the effectiveness of wound irrigation in decreasing infection rates.
Discussion
The search failed to locate any civilian pre-hospital wound irrigation articles, however, it is an important issue with unresolved questions and further research required. Irrigation has become a fundamental standard component of wound care over the years (2) .
Whether irrigation alone critically influences infections rates is unclear. Wound infection is multifactorial, making analyses of individual wound care components, such as irrigation, challenging (2) . The civilian and military data contrast each other at times. This discussion will look at five specific areas: types of data present, characteristics of patients examined, types of wounds examined, types of irrigation fluid, and irrigation pressure. This discussion will aim to examine, as best possible, the effect of irrigation alone on infection rates.
Data types
There were two types of data identified: pre-hospital military data and civilian hospital ED data. The civilian data was from only the hospital ED setting. Combat data predominantly provided treatment guidelines based on the scientific literature. One combat study, retrospectively reviewed data from a single battalion aid station (2) . Although none of the papers identified specifically analysed paramedic/medic irrigation practices and its effect on wound infection rates, is it reasonable to assume that the military and hospital ED data can be applied to paramedic practice where the situations are similar. A point of difference emphasised in all combat papers was the difference in wound patterns between the civilian and military setting. These differences will be discussed under wound characteristics.
Patient characteristics
Patients varied in age groups for the identified articles. The youngest included was a patient aged one year (8) . There was no set maximum age for exclusion in any of the studies. The exclusion criteria varied between studies with common criteria for exclusion being: patients with any immunocompromise present, diabetics, patients on antibiotics, patients with infections present, injuries sustained >6-8 hours prior to ED presentation, grossly contaminated wounds, wounds involving muscle/bone/tendon/joint, bite wounds, and prisoners. With such specific exclusion criteria there may have been numerous patients that were excluded which may have caused the results to be skewed as only fit and healthy individuals with no grossly contaminated wounds were included.
Wound characteristics
As with patient characteristics, the types of wounds analysed varied across the studies. Civilian data included simple lacerations, open fractures, and chemical burns (3, 7, 8, 10, 11, 17, 18) . The combat data reviewed covered battle casualties with a variety of wounds, predominately penetrating combat wounds (2).
In the military setting it is current practice to irrigate combatrelated extremity injuries and central nervous system (CNS) injuries. There have been no studies investigating the effect of irrigation on infection rates in the combat setting. Combatrelated wounds are generally as a result of high velocity projectiles and tend to be prone to contamination as a result of environmental factors (2) . Thus, recommendations were made to continue irrigation as per current practise for combat-related extremity injuries and CNS injuries (9, 12, 19) .
Logistical constraints, such as delayed evacuation and treatment, differ in the combat and civilian settings. The spectrum of wounds covered in the identified studies was very broad and, as a result, generalisation of results are challenging. For example, there are many types of open fractures that may require different irrigation and treatment approaches. Therefore the irrigation treatment given for one type of fracture may not be generalised to other types of fractures.
More specific and detailed research is required to establish which type of wound may or may not benefit from which type of irrigation and treatment approach.
Types of irrigation fluid
As with patient and wound characteristics there were varying types of fluid used for irrigation. Hollander et al found that most paediatric patients included in their study received gentle scrubbing rather than irrigation (3). These paediatric patients were found to have lower infection rates than the adult patients who received mostly irrigation. Hollander et al argued that 'noncontaminated' wounds, such as the wounds mostly sustained by the paediatric patients, often had low bacterial colonies and therefore the need for irrigation may be unclear (3). They also argued that there were no clinical studies that clearly demonstrate the effectiveness of irrigation in reducing infection rates.
Two studies have compared tap water to normal saline for irrigation (7, 8) . Both studies found similar infection rates among control groups and suggested that pending further research, tap water may be safe and effective for wound irrigation. The aforementioned studies were both set in first world countries. Tap water in first world countries is acceptable for use due to the water quality in world countries. A world wide generalisation is not likely to be applicable as tap water in third world countries, for example, is not likely to be the same quality as that of a first world country. Moscati et al went one step further and calculated a rough estimate of cost to use tap water compared to normal saline and found that if tap water were to be used to irrigate 8 million lacerations per year across the United States the annual saving wound be approximately $USD65,600,000 (7). Cartotto et al recommended that at the accident scene of chemical burns, irrigation should be done with available fluid, either normal saline or tap water, and should be commenced as soon as possible (17) . No data was reported about infection rates. It was simply reiterated that irrigation for certain chemical burns is a fundamental principle as it assists in not only dilution but also the removal of the chemical (17) . A single study done by Leonard et al in 1982 did show that burn severity and hospital stay is decreased if irrigation is started in the prehospital setting (22) . Although specific mention of infection rates were not made in relation to decreased hospital stay, it may be safe to assume that a serious infection was not present. Further research is required to validate these findings. There is also a need to establish what type of irrigation fluid could be beneficial, as well as the length of time for irrigation of chemical burns.
When comparing the use of antibiotic solutions versus soap solution it was found that an antibiotic solution offers no advantage over the use of a non-sterile soap solution (18) . When soap solution was compared to normal saline in a pilot randomised control trial the results showed no statistically significant difference in infection rates (11) .
Based on the current scientific literature, and pending validation of results, tap water appears to be a suitable alternative to normal saline. Comparisons between soap and antibiotic solutions, plus soap solution and normal saline solution did not produce statistically significant results. Normal saline, or tap water as an alternative, seems to be the preferred type of irrigation fluid at this stage (7, 8) .
Irrigation pressure
It is yet to be determined which type of irrigation pressure is best: high-pressure or low-pressure. Preliminary data at this stage is favouring low pressure due to its decreased risk of further damage to the wound and surrounding structures (11, 19) . There is also an argument that the high pressure irrigation may push the bacteria further into the wound (11, 19) . The definition of low and high pressure varies within the literature, on average low pressure is between 5-10 psi and high pressure is >20 psi. Additionally there was no statistically significant difference between high-pressure irrigation versus low-pressure irrigation (19, 23) . Pressure can usually be obtained in hospital through irrigation devices. Different pressure can also be obtained by using certain volume syringes and needles. For example a 35 ml and 65 ml syringe with a 19-guage needle is able to achieve pressures of 25-35 psi (24) .
Does irrigation alone affect wound infection rates?
The consensus among experts in the military medicine field is that irrigation is an important factor in wound management for infection prevention (9, 12, 19) . Wounds received in the combat setting can be prone to infection due to the nature and environment of injuries sustained. When considering more minor wounds such as small clean knife cuts infection may not be as prevalent. The types of wounds received in combat and the logistics of the environment could be the likely explanation as to why military practice currently favours the use of irrigation as an early intervention in wound care (12) .
The civilian data to date is building against the traditional view that irrigation is a vital part of wound care. Smaller studies comparing infection rates of simple lacerations in specific populations has concluded that there is no statistically significant difference in infection rates between wounds that were irrigated and wounds that were not (3, 10) . The wounds that were included in this study were clean wounds with little to no foreign materials contaminating the wound. It is important to note that all the studies analysing the effect of irrigation on infection rates include specific population groups only. No studies were found which analysed patients who had immunocompromising factors present, diabetes, or grossly contaminated wounds.
As a result of an unbalanced evaluation of patients, there is inadequate evidence at this stage to prove whether irrigation alone has a significant impact on wound infection rates in the civilian pre-hospital setting.
Limitations of this study
This study is potentially limited by only reviewing articles published in English and the lack of civilian pre-hospital specific articles reporting on wound irrigation and infection rates. This could have resulted in the authors overlooking potentially relevant articles. Most of the studies reviewed were of low-level evidence studies with small study populations. The results should therefore be interpreted with caution.
Conclusion
The evidence reviewed covered a spectrum of wounds ranging from simple clean lacerations to military blast wounds. The military wounds are very likely to have a different infection risk level due to the nature of how the wound was sustained and foreign bodies present in the wound. Therefore it is challenging to generalise results from the military setting into the civilian pre-hospital setting. Further research is required to identify the effect of irrigation on wound categories and the infection rates by category rather than the setting. Due to the varying results identified by this review we suggest that irrigation remain part of civilian pre-hospital wound care, where it is currently in practice, until further research proves its true effect.
